The effects of various mechanical and manuring treatments on dense clubmoss were investigated on an ungrazed mixed prairie site in northern Montana 30 years after a ten-year sequence of treatments. The least clubmoss ground cover occurred on range which had received the most intensive mechanical treatments. Manure treatments also reduced clubmoss cover but the effect of manuring intensity was not distinct. Herbage yield was highest at the lowest levels of clubmoss cover.
Dense clubmoss (Selagineh densa Rydb.) ( Fig. 1 ) has been recognized as part of northern mixed prairie vegetation since the turn of the century (Underwood, 1898; Rydberg, 1900) . In some areas clubmoss accounts for more than 80% of the ground cover (Fig. Z ), yet until recently it had not been studied intensively. Some researchers ignored it or assumed its effects to be negli- gible. Others theorized that it played a vital but unquantified role as a soil stabilizer in the severe environment of the Northern Great Plains (Clarke et al., 1942; Clarke and Tisdale, 1945; Coupland, 1950) .
Little is known of the water utilization characteristics of clubmoss. It is probable that available soil water is increased by the ability of clubmoss to reduce runoff. This in turn would tend to promote soil stability. However, there are areas where clubmoss competes with other vegetation, reducing production of the more desirable forage species. High clubmoss density is inimical to maximum range production (Dolan, 1966; Wagner, 1966; Taylor, 1967) . Recent mechanical range renovation treatments at the North Montana Branch Station have increased the productivity of preferred forage species (Ryerson et al., 1962; Taylor, 1967) . This effect has been explained as being partially due to the removal of clubmoss competition for water and an increase in available nitrogen resulting from the decomposition of uprooted and buried clubmoss. No appreciable soil loss has resulted from clubmoss disturbance on this relatively level site. Fertilization studies at the same location indicate that added fertility reduces clubmoss cover and increases forage production on native rangeland.
These effects are quantitatively and qualitatively similar to those achieved with mechanical treatments (Taylor, 1967) .
Several questions arise as a result of these experiments.
How long after clubmoss removal will the increased forage productivity be retained? Will the clubmoss on such treated range return to its former abundance? Will there be any undesirable effects from clubmoss removal?
A unique opportunity to probe these questions existed at the North Montana Branch Station at Havre. Thus, in 1965, another plot, number 18, was established as an alternate check. It was placed on an adjacent relict area, on soil identical with that of the treated plots.
For purposes of this study each plot was divided into three subplots, each 60 x 66 ft. Although this subdivision did not compensate for the lack of replicated treatments, it did present three separate areas from which to gather comparable data in order to estimate plot variability.
Basal ground cover was estimated by the line transect method developed by Fisser and Van Dyne (1960) . Nine transects were placed randomly on each plot, three per subplot.
Crested wheatgrass dominated portions of all plots except 18. When a disproportionate number of transect positions occurred within the crested wheatgrass, some were rerandomized so that the relative number of transects located on native vegetation and crested wheatgrass would correspond to the relative amount of each aspect within each plot.
Rooted dead clubmoss was interspersed within areas of live clubmoss on the study site. Green and greenish-brown clubmoss were recorded as live. Light brown and gray clubmoss were considered dead.
An analysis of variance of the intercept data for each major species and species group in each treatment plot was obtained. Duncan's multiple range test (Duncan, 1955) was used to determine significant differences in ground cover among plots. Correlations between treatment intensity and vegetational responses were not attempted because of the confounding effects of weather variation among years of Clip plots were placed subjectively in areas of typical and homogeneous vegetation.
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In addition, they were placed on areas of native vegetation and crested wheatgrass proportionately to the relative amounts of each type within each treatment plot. The 9.6 ft2 rings also were used for litter collection. One litter plot was paired with each clip plot.
Plant material samples from both clip plots and litter plots were oven dried and weighed to the nearest 0.01 g. After recording weights by species the clipped vegetation from each treatment plot was combined into grass and non-grass samples for crude protein analysis. Analysis of variance, Duncan's multiple range tests, and correlation coefficients were used to process weight data.
Results and Discussion

Response of Clubmoss
Live clubmoss ground cover on the two check plots did not differ significantly (Table 2 ). Check plot 18 had a denser cover of live clubmoss than any mechanically treated plot, while live clubmoss cover on check plot 3 was greater than that on any of the four most intensively cultivated plots. No significant dif- It is clear that clubmoss will not readily re-establish itself following partial to complete destruction by mechanical means in this environment.
All manured plots had significantly less live clubmoss ground cover than either check plot, with the exception of plot 13, which received two IO-ton manure applications. Although manuring reduced clubmoss, the effect of manuring intensity was not distinct.
There was no significant difference in the amount of dead clubmoss between the two check plots. Significantly more dead clubmoss was present on the check plots than all but one of the mechanically treated plots and one of the manured plots. Neither of these was intensively treated. A significant trend toward less dead clubmoss was noted as the intensity of mechanical disturbance increased. Such a trend was not distinguishable on the manured plots. Plot 13 unaccountably exhibited high live and dead clubmoss cover. Both live and dead clubmoss cover on this plot were comparable with the check plots.
The sum of live and dead clubmoss ground cover reacted essentially the same as did live and dead clubmoss cover considered separately.
Crested wheatgrass invaded portions of the study area, severely reducing clubmoss cover. This situation was encountered primarily on the northern-most row of subplots and created differences of clubmoss cover among subplots within treatmen ts.
Significant inverse relationships occurred between total clubmoss cover and total vegetative cover (excluding clubmoss), the yield of clipped vegetation, crested wheatgrass cover, and litter cover (Table  3) . Thus, where clubmoss cover was encountered less frequently, production and cover of other herbage 35 was greater, as was litter. It must be emphasized that these data do not tell whether the decrease in clubmoss ground cover resulted directly from the initial treatments or occurred as a secondary response.
Response of Other Vegetation
Ground Cover
Needle-and-thread ground cover was not significantly affected by mechanical treatment (Table 4) . Plot 16, which received four IO-ton manure applications had more needleand-thread cover than either of the check plots. However, no discernible trend was found between manuring intensity and the ground cover of this species. A direct relationship was found between needleand-thread ground cover and the cover contributed by all vegetation except clubmoss (Table 3) .
Blue grama was present on all treatment plots. It contributed less cover on several of the plots than on check plot 3, but no relationship between blue grama cover and treatment was evident.
Crested wheatgrass was seeded on plot 2 and was the dominant, except for one small area. The plot boundaries were clearly defined by the crested wheatgrass aspect. Crested wheatgrass also invaded extensive portions of plot 10. This plot received the most intensive mechanical treatment combined with four manure applications.
At least one transect in subplot 1 of each treament plot was located in an area of crested wheat<grass aspect. This explains the significant difference in ground cover of the species found among subplots, within treatments.
Western wheatgrass was encountered erratically along the transects suggesting an insufficient number of transects to adequately sample this rhizomatous grass.
Ground cover contributed by all grass species was not distinctly affected by treatment intensity. Sedge cover apparently was not related to treatment.
Perennial forbs were encountered infrequently along the transects. This reflects the relatively small basal area contributed by perennial forbs and a corresponding low probability of basal interception. As treatment intensity increased the ground cover contributed by total attached vegetation decreased significantly, reflecting clubmoss reduction.
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Highly significant differences in litter cover among treatments were found. As treatment intensity increased, litter cover tended to increase. A direct relationship was found between litter cover and yield of all clipped vegetation, and between litter cover and all vegetative cover excluding clubmoss.
The amount of bare soil intercepted by the transects varied considerably. No particular relationship between the amount of bare soil and treatment intensity became evident.
Yield
Needle-and-thread yield was not significantly related to intensity of mechanical treatment (Table  5) . Only plot 2, seeded to crested wheatgrass, yielded significantly less needle-and-thread than check plot 18. The most intensively manured plot produced significantly more needle-and-thread than the plot least intensively manured and one of the check plots. As the yield of needle-and-thread increased, the yield of all vegetation increased significantly and bare soil decreased.
Blue grama yielded significantly more on the plot least intensively disturbed mechanically than on two of the most heavily manured plots. Yield from the check plots did not differ significantly from that of any treatment plot.
Because of high variability of crested wheatgrass yields, there was little significant difference among treatments.
Western wheatgrass produced significantly greater yields on one of the most intensively manured plots than any other treatment plot. The remaining treatments did not differ significantly with respect to yield of this species. No distinct relationship between treatment and yield became apparent. Junegrass did not appear in the clipped herbage samples of the five most intensively manured plots. The species was present in the yield samples of all other treatment plots but yield was not related to treatment.
Yields of annual grasses and sedges were not significantly affected by treatment.
Increased intensity of both mechanical and manure treatments apparently favored increased numbers of annual and biennial forbs. Plot 12, which received the most manure, supported significantly more of these forbs than any other treatment plot.
Perennial forbs produced heaviest yields on the check plots and least intensively treated plots.
Fringed sagewort yielded substantial herbage only on the two plots which received the most intensive mechanical treatments.
Only the check plots and one mechanically treated plot yielded any winterfat.
A distinct and significant yield increase of all vegetation, excluding clubmoss, occurred as treatment intensi ty increased.
Litter weight varied directly with intensity of treatment. The weight of litter from heavily manured plots was significantly greater than litter yields from less intensively manured plots. A similar but nonsignificant increase in litter yield occurred as mechanical treatments intensified.
Protein Content
Crude protein of the combined grass samples ranged from 4.5 to 5.8 percent. Non-grass species from the treated plots contained from 6.4 to 8.8% crude protein. There appeared to be no correlation between treatment and the protein content of the vegetation.
Summary and Conclusions
Reduced clubmoss was clearly evident 30 to 40 years after mechanical and manure treatments were applied to native range. Less clubmoss was present on plots which received more intensive mechanical EFFECTS OF RENOVATION treatments. Manure applications reduced clubmoss cover but there was little difference among treatment intensities.
As clubmoss cover decreased, the yield and ground cover contributed by other vegetation increased significantly.
The response of needle-andthread ground cover to treatment was erratic. Heaviest yields of needle-and-thread were obtained from the heaviest applications of manure. The yield of needle-and-thread and total forage yield were correlated significantly.
Needle-and-thread cover and cover contributed by all vegetation, excluding clubmoss, were similarly related. As the yield of needle-and-thread increased, bare soil decreased significantly.
Neither yield nor cover of blue grama responded predictably to treatment.
Crested wheatgrass yield was not affected by treatment intensity, but a significant inverse relationship was found between crested wheatgrass cover and clubmoss cover.
Western wheatgrass responded favorably to three of the most intensive manure treatments.
No junegrass occurred in the clippings of any of the five most intensively manured plots, although it was present in the herbage samples of every other treatment plot.
As treatment intensity increased, the yield of annual and biennial forbs increased but never made up more than 2.5% of the total clipped vegetation.
Highly significant increases in litter cover and yield were found with increased treatment intensity. This increased litter was associated with increased forage production.
No residual effects of treatment on protein content were observed.
Since reduced clubmoss cover and increased forage production still are apparent many years after treatment, and no detrimental effects to the site were observed, such renovation practices would appear to be effective in similar areas where clubmoss is a problem. These observations cast serious doubt on 37 the popular view that clubmoss is aggressively "taking over" these northern glaciated rangelands. 
